Introduction
A primary role of reported earnings is to provide information about future earnings (Financial Accounting Standards Board [FASB] 1978) . 1 The ability of reported earnings to influence market participants' expectations of future earnings depends on ex ante uncertainty in the reporting environment. Information signals, such as reported earnings, should be more useful when outside investors are more uncertain about future firm performance. Indeed, Bayesian theory predicts that investors should rely more on reported earnings to revise their expectations when ex ante uncertainty in future earnings is relatively high. Prior studies examine price reactions to reported earnings and find that price reactions per unit of earnings surprise tend to be smaller when uncertainty in future earnings is high. One interpretation of these findings is that measures of ex ante earnings uncertainty primarily capture the noise in reported earnings and, thus, investors place less weight on a nosier signal (e.g., Lipe 1990; Imhoff and Lobo 1992) . On the other hand, price reaction is not a clear measure of changes in earnings expectations with respect to ex ante uncertainty, because it is potentially confounded by the effects of discount rates. In this study, I test the Bayesian prediction directly by examining the relation between analysts' reliance on reported earnings in revising their next-period forecasts and the uncertainty in future earnings prior to the current-period earnings announcement.
In a Bayesian setting, prior to the announcement of current-period (i.e., period t ) earnings, market participants have expectations about future-period (i.e., period t ϩ 1) earnings. Because they do not have perfect information, market participants are uncertain about future earnings and use information signals, such as period t reported earnings, to revise their expectations of future firm performance. Ceteris paribus, the greater the ex ante uncertainty in future earnings, the more market participants rely on the signals to revise expectations, thus leading to a prediction that the usefulness of reported earnings increases with the extent of ex ante uncertainty.
CAR Vol. 26 No. 1 (Spring 2009) Prior studies focus on price reactions around earnings announcements and provide little support for this particular prediction. Specifically, using (signed) price reactions per unit of earnings surprise as an indicator of investors' reliance on reported earnings, prior studies find that investors' reliance on reported earnings appears to decrease with the extent of ex ante uncertainty in earnings. For example, prior studies document that price reactions per unit of earnings surprise are negatively associated with earnings uncertainty measures, such as historical earnings volatility or the dispersion among analysts' forecasts of current-period earnings (Lipe 1990; Imhoff and Lobo 1992; Barron and Stuerke 1998; Kinney, Burgstahler, and Martin 2002) .
Interpreting prior findings as evidence of how ex ante uncertainty in future earnings affects market participants' use of earnings signals to revise earnings expectations is problematic for several reasons. First, measures of ex ante earnings uncertainty in a price reaction context may primarily capture the quality of reported earnings as a signal of firm value (i.e., noise in the reported earnings as a signal of all future cash flows). For example, the dispersion among analysts' forecasts of period t earnings may reflect the quality of reported period t earnings as a signal of firm value, as opposed to the uncertainty in t ϩ 1 earnings. If this is the case, prior findings are consistent with the Bayesian framework, because investors should rely less on low-quality signals of future cash flows. Second, interpreting price reactions per unit of earnings surprise within an expectation revision framework can be problematic, because the price reactions per unit of earnings surprise are influenced by the cross-sectional differences in discount rate (i.e., a denominator effect). Specifically, the negative relation between price reactions per unit of earnings surprise and earnings uncertainty measures may be attributable to the fact that earnings uncertainty measures are positively associated with discount rates (e.g., Francis, LaFond, Olsson, and Schipper 2004) .
To provide a more direct test of the relation between the use of current earnings to revise expectations of future earnings and ex ante uncertainty, I examine analysts' reliance on earnings surprises under uncertainty and test whether analysts' forecast revisions (of future earnings) per unit of earnings surprise are positively associated with ex ante uncertainty. Focusing on analysts' forecast revisions is a more direct test for the relation between ex ante uncertainty in future earnings and the reliance on reported earnings to update expectations for two reasons. First, earnings forecast revisions directly capture analysts' revisions of future earnings expectations (i.e., t ϩ 1 earnings), which removes the complications arising from the translation of earnings into prices (e.g., the denominator effect). Second, because a forecast revision is related to a specific period in the future, ex ante uncertainty in earnings of that particular period can be measured. This minimizes the possibility that the uncertainty measures capture the quality of reported earnings as a signal of firm value.
To test the relation between the uncertainty in t ϩ 1 earnings and analysts' forecast revisions (for t ϩ 1 earnings) in response to period t reported earnings, I examine analysts' one-quarter-ahead forecast revisions per unit of reported earnings surprise from the I/B/E/S Detail tapes for the 20-year period ending in 2003.
CAR Vol. 26 No. 1 (Spring 2009) I use several measures to capture the uncertainty in t ϩ 1 earnings, including historical earnings volatility (Lipe 1990 ), the dispersion among analysts' earnings forecasts for both period t (Imhoff and Lobo 1992; Kinney et al. 2002) and period t ϩ 1, and the average squared individual analyst forecast errors for period t ϩ 1 (i.e., the BKLS uncertainty measure proposed by Barron, Kim, Lim, and Stevens 1998) .
Consistent with the Bayesian prediction, empirical results indicate that analysts rely more heavily on reported earnings to revise expectations about future earnings when ex ante uncertainty in future earnings is greater. Specifically, I find that analysts' forecast revisions per unit of earnings surprise are positively associated with alternative earnings uncertainty measures. In addition, the positive association is strongest for the BKLS uncertainty measure, which theoretically may be a better measure of ex ante earnings uncertainty. The documented positive associations between analysts' revisions per unit of earnings surprise and various earnings uncertainty measures also indicate that these uncertainty measures are unlikely to proxy for the noise in reported period t earnings as a signal of period t ϩ 1 earnings.
Given the positive associations between uncertainty and analysts' reliance on earnings, I further examine whether cross-sectional differences in the discount rate (i.e., the denominator effect) is one explanation for the negative associations between price reactions per unit of earnings surprise and earnings uncertainty measures. If earnings uncertainty is positively associated with a firm's discount rate, results in prior price reaction could reflect differences in discount rates, as opposed to the underlying uncertainty regarding future earnings.
Consistent with prior studies, I find negative associations between price reactions per unit of earnings surprise and various earnings uncertainty measures. Consistent with the discount rate being a major confounding factor, these negative associations disappear after controlling for the effects of cost of equity capital (Fama and French 1993; Easton 2004; Ecker, Francis, Kim, Olsson, and Schipper 2006) . Specifically, I find that price reactions per unit of earnings surprise are insignificantly associated with the earnings uncertainty measures that are orthogonal to estimated cost of capital. In contrast, analysts' revisions per unit of earnings surprise continue to be positively associated with uncertainty measures that are orthogonal to estimated cost of capital. This evidence suggests that cross-sectional differences in the discount rate may explain the empirical relation between price reactions per unit of earnings surprise and uncertainty measures.
This study makes several contributions. First, the results of this study indicate that analysts rely more heavily on reported earnings when ex ante uncertainty is greater. These findings complement prior studies by providing direct support for the Bayesian prediction that market participants rely more on reported earnings when they face greater ex ante uncertainty in future earnings. Second, by demonstrating the differences between analysts' expectation revisions and price reactions under uncertainty and the effects of cost of capital on price reactions under uncertainty, the results of this study suggest that examining analysts' forecast revisions is more productive than examining price reactions to probe issues related to earnings expectation revisions under uncertainty. In addition, this study deepens our understanding of the complex effects of earnings uncertainty on expectation revisions.
CAR Vol. 26 No. 1 (Spring 2009) Third, the evidence that analysts demonstrate greater reliance on reported earnings under high uncertainty contributes to the literature on how analysts use public information released during earnings announcements (Stickel 1989; Morse, Stephan, and Stice 1991; Barron, Byard, and Kim 2002; Barron, Byard, and Yu 2005; Zhang 2006 ). Prior studies find that analysts' reliance on reported earnings is associated with attributes of the reported earnings, such as the magnitude of earnings surprises (Stickel 1989; Barron et al. 2005) . This study provides evidence that analysts' reliance on reported earnings is also influenced by ex ante uncertainty in future earnings. Although prior research suggests that analysts are unlikely to be perfect Bayesians under high uncertainty (Zhang 2006) , this study provides evidence that the reported earnings help analysts revise their forecasts in a Bayesian fashion.
Fourth, many studies rely on analysts' forecast revisions per unit of earnings surprise to gauge the attributes of period t reported earnings (e.g., Collins and DeAngelo 1990; Defond and Park 2001; Bhattacharya, Black, Christensen, and Larson 2003) . For example, researchers often examine whether the reported period t earnings are more informative about future performance. Evidence in this study suggests that analysts' reliance on reported earnings also depends on ex ante uncertainty in period t ϩ 1 earnings. Accordingly, this study suggests that future research that focuses on attributes of the earnings signals based on revisions per unit of earnings surprise should consider controlling for the uncertainty in period t ϩ 1 earnings, which becomes particularly important if the attributes of current earnings signals may be correlated with, or determined by, market participants' uncertainty in future earnings.
The remainder of this paper continues as follows. Section 2 develops hypotheses regarding the effects of earnings uncertainty on analysts' forecast revisions. Section 3 describes the sample, and section 4 presents the main empirical findings. Section 5 presents conclusions.
Hypotheses

The relation between earnings expectation revisions and earnings surprises
Prior studies conclude that earnings announcements are important information events that partially resolve the uncertainty in forecasting future earnings. There is evidence that dispersion in analysts' forecasts of future earnings narrows (Morse et al. 1991; Brown and Han 1992) and the frequency of forecast revisions of future earnings increases after earnings announcements (Stickel 1989; Cooper, Day, and Lewis 2001) . These findings suggest that earnings announcements contain informative signals used by market participants to revise their expectations on future firm performance. Numerous studies document positive relations between (a) stock returns and earnings surprises (e.g., Beaver, Clarke, and Wright 1979) , and (b) analysts' forecast revisions and earnings surprises (e.g., Brown and Rozeff 1979; Givoly 1985) .
To illustrate the effects of uncertainty on earnings expectation revisions per unit of earnings surprise, earnings expectation revisions can be analyzed as a subjective belief-revision process conditional on informative signals about future earnings:
where 2 is the variance in prior belief regarding future earnings (e.g., period t ϩ 1 earnings), X is a signal about future earnings, and x 2 is the perceived variance in this signal.
In this framework, a reported earnings surprise can be viewed as an informative signal (i.e., X ) about future earnings. From this perspective, the relation between expectation revisions and earnings surprises (i.e., the coefficient for X ) is influenced by two factors: (a) the uncertainty regarding future earnings prior to earnings announcements (i.e., 2 ), and (b) the noise in earnings surprises as a signal of future earnings (i.e., x 2 ). Holding the noise in the signal constant, (1) indicates that the greater the uncertainty in future earnings (i.e., 2 ), the greater the coefficient for X . Intuitively, the greater the uncertainty, the greater the extent to which market participants revise their beliefs regarding future earnings based on informative signals. Thus, in the cross-section, expectation revisions per unit of earnings surprise should be positively associated with the uncertainty in future earnings.
Evidence in price reaction studies and alternative explanations
Prior studies have investigated how price reactions to earnings announcements differ across measures of uncertainty. Because price reactions reflect the capitalized earnings expectation revisions for the entire stream of future earnings, results based on price reactions could be interpreted as evidence regarding expectation revisions. Thus, price reactions per unit of earnings surprise may be characterized as the coefficient for X in (1), which is positively associated with the uncertainty in future earnings. These studies document negative associations between price reactions per unit of earnings surprise and various earnings uncertainty measures, which do not appear to support the Bayesian model. Specifically, Lipe (1990) finds that price reactions per unit of earnings surprise are negatively associated with earnings unpredictability, measured as historical earnings volatility. Imhoff and Lobo (1992) , Barron and Stuerke (1998) , and Kinney et al. (2002) find that dispersion among analysts' current-quarter forecasts is negatively associated with price reactions per unit of earnings surprise. 2 However, these findings may not be readily interpreted as evidence regarding the relation between ex ante uncertainty and expectation revisions generated by an earnings signal. First, it is not clear whether the earnings uncertainty measures based on price reactions are good proxies for uncertainty in future earnings. Rather than capturing ex ante uncertainty in earnings, such measures are likely to reflect the quality of the earnings as a signal of firm value (i.e., noise in the reported earnings represented by x 2 in (1)), 3 which makes it difficult to separate the ex ante uncertainty in future earnings at the time the signal is received from the noise in the signal itself. For example, higher dispersion among analysts' forecasts of period t earnings may reflect a higher x 2 . As shown in (1), the weight placed on earnings surprise is relatively small when x 2 is relatively large, and prior results are consistent with this interpretation.
Second, interpreting evidence from price reaction studies within an expectation revision framework is likely to be confounded by a denominator effect, because the price reactions per unit of earnings surprise are also affected by the cross-sectional differences in discount rate. Specifically, the negative relation between price reactions per unit of earnings surprise and earnings uncertainty measures may be attributable to the fact that earnings uncertainty measures are positively associated with discount rates (Francis et al. 2004 ). Intuitively, the denominator effect suggests that the price movement is relatively small per unit of earnings surprise if a firm's discount rate is relatively large.
In sum, prior price reactions studies find negative associations between price reactions per unit of earnings surprise and earnings uncertainty measures. Although this does not appear to support the prediction that expectation revisions rely more on informative signals when ex ante uncertainty is greater, prior findings are consistent with the Bayesian model if the earnings uncertainty measures used in those studies capture the quality of reported earnings as a signal of firm value. In addition, the relation between earnings uncertainty and the cost of capital can confound the interpretation of price reaction as a measure of expectation revisions.
Hypothesis testing 1: Analysts' forecast revisions
To test the Bayesian prediction, I examine analysts' reliance on earnings surprises under uncertainty -that is, the association between earnings uncertainty and analysts' forecast revisions (of future earnings) per unit of earnings surprise. Focusing on analysts' forecast revisions instead of price reactions provides a stronger test of the relation between uncertainty in future earnings and the reliance on reported earnings to update expectations for two reasons. First, earnings forecast revisions directly capture analysts' revisions of future earnings expectations (i.e., t ϩ 1 earnings) in response to the period t earnings announcements, which removes the complications arising from the translation of earnings into prices (e.g., discount rate effects).
The second advantage of focusing on earnings forecast revisions is that it provides a better matching of the uncertainty measures with expectation revisions. Because the uncertainty is related to period t ϩ 1 earnings, earnings uncertainty can be measured specifically in relation to period t ϩ 1 earnings. In particular, the first measure of earnings uncertainty employed in this study is the dispersion among analysts' one-quarter-ahead forecasts ( Disp_q ϩ 1) prior to the earnings announcements of the current quarter. Because the goal for analysts is to gauge a firm's future performance through informative signals, the dispersion of future-period forecasts is a forward-looking measure and should better capture uncertainty in future earnings. Unlike the dispersion of current-period forecasts, dispersion among analysts' future-period forecasts should be less likely to proxy for the noise in the reported earnings.
The second earnings uncertainty measure is an aggregated uncertainty measure across all individual analysts as proposed by , and is empirically defined as the following (e.g., Barron et al. 2002; Botosan and Stanford 2005) :
where n is the number of forecasts, D is the variance in analysts' one-quarter-ahead forecasts, and SE is the squared error in the mean one-quarter-ahead forecast. 4 This measure is equal to the square root of the average squared forecast errors of all individual forecasts. The BKLS uncertainty measure is theoretically a more powerful measure than Disp_q ϩ 1, because it incorporates analysts' common uncertainty as well as analysts' idiosyncratic uncertainty .
To be comparable with prior research, I also examine uncertainty measures such as the historical earnings volatility and the dispersion among analysts' forecasts for the current quarter. I use the following regression to test the hypothesis that forecast revisions per unit of earnings surprise are positively associated with uncertainty in future earnings:
where Revision is defined as the revised one-quarter-ahead mean forecast minus the one-quarter-ahead mean forecast measured prior to the earnings announcement, deflated by the price at the beginning of the quarter; 5
Surprise is defined as I/B/E/S actual earnings for the current quarter minus the mean forecast for the current quarter, deflated by the price at the beginning of the current quarter; 6 Uncertainty represents one of the following four earnings uncertainty measures: a) BKLS_q ϩ 1 is the uncertainty measure proposed by and is defined as the square root of the sum of the squares of individual analysts' one-quarter-ahead forecast errors, (2), deflated by the price at the beginning of the current quarter; b) Disp_q ϩ 1 is the one-quarter-ahead forecast dispersion and is defined as the standard deviation of analysts' one-quarter-ahead forecasts prior to the current-quarter earnings announcements, deflated by the price at the beginning of the current quarter; Bayesian theory predicts that forecast revisions associated with earnings surprises are increasing in the underlying uncertainty -that is, that the coefficient for Surprise ϫ Uncertainty is positive (i.e., ␣ 2 Ͼ 0). In (3), I use three variables to control for the noise in earnings surprises as a signal of future earnings -that is, x 2 in (1). First, I use AR1 to control for the effect of earnings persistence. The greater the earnings persistence, the smaller the noise in reported earnings as a signal of future earnings (i.e., ␣ 3 Ͼ 0). Second, I include a dummy variable, Neg, to control for losses, which tend to be noisier signals of future performance (Hayn 1995) . Third, I use ͉Surprise͉ to control for the potential of greater noise in large earnings surprises (Freeman and Tse 1992; Lipe, Bryant, and Widener 1998) . I expect ␣ 4 Ͻ 0 and ␣ 5 Ͻ 0. For the ease of interpreting the interaction variables and controlling for nonlinearity, I convert the four earnings uncertainty measures, AR1, and ͉Surprise͉ into decile ranks in the regressions.
Hypothesis testing 2: Price reactions
I also test whether the negative associations between earnings uncertainty and price reactions per unit of earnings surprise as documented in prior research are attributable to differences in the discount rate. This test provides evidence that the denominator effect is a valid alternative explanation for the prior findings that price reactions to earnings surprises are greater when investors face greater ex ante uncertainty.
Unlike analysts' forecast revisions for one-quarter-ahead forecasts, price reactions reflect investors' revisions of expected earnings for all future periods. Therefore, using uncertainty measures for the current quarter's earnings (i.e., Disp_q) or for the next quarter's earnings (i.e., BKLS_q ϩ 1 and Disp_q ϩ 1) is inadequate. To better capture the uncertainty for future periods in this analysis, I first focus on an uncertainty measure based on annual earnings forecasts. Specifically, I use BKLS uncertainty measured for annual earnings prior to quarterly earnings announcements as the first earnings uncertainty measure (BKLS_ann). 8 I also use historical earnings volatility (i.e., Std[]) as the second measure of earnings uncertainty, assuming that past earnings volatility creates uncertainty for investors to estimate earnings for all future periods.
I use a two-stage regression approach to test whether the negative associations between price reactions per unit of earnings surprise and earnings uncertainty CAR Vol. 26 No. 1 (Spring 2009) measures are attributable to the cross-sectional differences in discount rate. I first regress each earnings uncertainty measure against the estimated cost of capital and the variables that are associated with cost of capital:
where Uncertainty represents one of the following two uncertainty measures: a) BKLS_ann is the uncertainty measure proposed by and is defined as the square root of the sum of the squares of individual analysts' annual forecast errors, deflated by the price at the beginning of the quarter;
is earnings unpredictability and is defined as the standard deviation of residuals from Foster's 1977 time-series seasonally differenced EPS regression (estimated over the past 20 quarters), deflated by the price at the beginning of the quarter;
Beta is the estimated slope coefficient for the monthly Center for Research in Security Prices (CRSP) equal-weighted market return in a market model, estimated using data for the 24 months prior to the quarter's end;
LnMV is the natural logarithm of market value at the end of the quarter;
BM is the book-to-market ratio measured at the end of the quarter;
Eload is the return-based earnings quality risk measure and is defined as the estimated slope coefficient for AQ factor from the following regression, estimated using 250 daily returns prior to the quarter's end:
where R is firm daily return, R f is risk-free interest rate, R m is the market return, AQ factor is the estimated accrual quality return premium (Ecker et al. 2006, equation (2)); 9 and R_mpeg is the modified PEG ratio (Easton 2004, equation (11) ) and is defined as the positive root of r 2 Ϫ r(dps 1 / p 0 ) Ϫ (eps 2 Ϫ eps 1 )/p 0 ϭ 0, where r is the implied cost of equity, dps 1 is the year t ϩ 1 dividend per share and is set equal to last year's actual value, eps 1 and eps 2 are the analysts' consensus forecasts for year t ϩ 1 and t ϩ 2, and p 0 is the observed share price on the forecast date. 10
Although the theoretical relation between earnings uncertainty and cost of capital is complex (e.g., Lambert, Leuz, and Verrecchia 2007) , the purpose of (4) is to remove any empirical confounding effects of the discount rate from the effects of earnings uncertainty on expectation revision. Therefore, I include empirical (Fama and French 1993; Ecker et al. 2006) , and a direct measure of firm specific cost of capital (R_mpeg) in this regression (Botosan and Plumlee 2005; Easton and Monahan 2005) . 11 If an earnings uncertainty measure is positively associated with cost of capital, this measure should be associated with the proxies for systematic risks in a predictable manner. Specifically, an earnings uncertainty measure should be positively associated with beta (␣ 1 Ͼ 0), book-to-market ratio (␣ 3 Ͼ 0), and accounting information quality risk (␣ 4 Ͼ 0), and negatively associated with firm size (␣ 2 Ͻ 0), because prior studies demonstrate that beta, book-to-market ratio, and accounting information quality risk are positively associated with expected returns while firm size is negatively associated with expected returns. Moreover, the measure should be positively associated with estimated firm-specific cost of capital R_mpeg (␣ 5 Ͼ 0).
In the second stage, I use the residuals from (4) (i.e., ) in the following equation to test whether price reactions per unit earnings surprise are associated with earnings uncertainty measures that are orthogonal to cost of capital proxies:
where Ret is defined as the CRSP equal-weighted market-adjusted return for the [Ϫ1, ϩ1] window around earnings announcement date; and Surprise, , AR1, Neg, and ͉Surprise͉ are as previously defined; , AR1, and ͉Surprise͉ are converted to decile ranks in this regression. In (5), captures cross-sectional differences in earnings uncertainty conditional on cost of capital (i.e., holding cost of capital constant). If a denominator effect explains the negative association between price reactions per unit of earnings surprise and earnings uncertainty, I expect the association between price reactions per unit of earnings surprise and earnings uncertainty to be positive after the effect of cost of capital on uncertainty measures is removed. In other words, the estimated coefficient for Surprise ϫ (␤ 2 ) in (5) should be positive. On the other hand, I expect ␤ 2 Ͻ 0 if the denominator effect is not an explanation for this negative association. To ensure that analysts' revisions are timely responses to earnings announcements, all revised forecasts must be issued within a [ϩ1, ϩ30] window following the earnings announcements. If an analyst issued multiple revisions within this window, I include only the revision closest to the earnings announcement date. To exclude stale forecasts prior to earnings announcements, I require that all prior forecasts be issued within a [Ϫ90, Ϫ1] window prior to the earnings announcements. If an analyst issued multiple forecasts within this window, I include only his or her most recent forecast in the sample.
Because the calculations of forecast dispersion and BKLS uncertainty require at least two forecasts, I eliminate firms if there are fewer than two individual analysts' forecasts for the current quarter, the next quarter, and the fiscal year. Finally, I trim the top and bottom 1st percentiles of the distributions of forecast revisions, market-adjusted returns, earnings surprises, and earnings uncertainty variables to eliminate errors in the commercial analyst forecast database and outliers in regression analyses. The final sample consists of 55,179 firm-quarter observations.
Panel A of Table 1 presents the descriptive statistics for earnings expectation revisions, earnings uncertainty, and earnings persistence variables. Mean and median forecast revisions are negative and statistically significant (two-tailed p-values Ͻ 0.01), indicating that on average analysts revise forecasts downward following earnings announcements. Median earnings surprise is positive and statistically significant (two-tailed p-value Ͻ 0.01), indicating that analysts' consensus forecasts tend to be smaller than actual earnings around the center of the distribution of analysts' forecast errors (Abarbanell and Lehavy 2003) .
Descriptive statistics in panel A also indicate that the magnitudes of the earnings uncertainty variables follow an ascending order of Disp_q, Disp_q ϩ 1, BKLS_q ϩ 1, BKLS_ann, and Std[]. For example, the means for these variables are 0.0014, 0.0017, 0.0046, 0.0073, and 0.0167, respectively. In addition, untabulated pairwise t-statistics (Wilcoxon-z) testing the difference in the means (medians) between any two uncertainty variables are significant at the two-tailed 1 percent level. These results confirm several expectations regarding earnings uncertainty measures. First, because the mean and median values of Std[] are significantly greater than the mean and medians of other analyst-based uncertainty measures, evidence suggests that analysts' forecasts contain more precise information about future earnings than time-series models. Second, because BKLS uncertainty contains both analysts' common and idiosyncratic uncertainty, BKLS_ann and BKLS_q ϩ 1 are larger than forecast dispersions (i.e., Disp_q and Disp_q ϩ 1), which only capture analysts' idiosyncratic uncertainty. Third, the results confirm that uncertainty in long-horizon earnings is greater than uncertainty in short-horizon earnings (i.e., BKLS_ann Ͼ BKLS_q ϩ 1 and Disp_q ϩ 1 Ͼ Disp_q).
Panel B of Table 1 presents the descriptive statistics for variables that capture the cost of capital. Because the algorithm to calculate R_mpeg requires that analysts' two-year-ahead annual earnings forecasts are greater than one-year-ahead annual forecasts, after eliminating outliers among the cost of capital measures, the 
Correlation among earnings uncertainty and cost of capital measures
Notes:
This table presents the descriptive statistics for all the continuous variables used in the statistical analyses. Revision is defined as the revised one-quarter-ahead mean forecast minus one-quarter-ahead mean forecast measured prior to the earnings announcement, deflated by the price at the beginning of the quarter. Ret is defined as the CRSP equally weighted market-adjusted return for the [Ϫ1, ϩ1] window around the earnings announcement date. Surprise is defined as I/B/E/S actual earnings for the current quarter minus the mean forecast for the current quarter, deflated by the price at the beginning of the current quarter. Std[] is earnings unpredictability and is defined as the standard deviation of residuals from Foster's 1977 time-series seasonally differenced EPS regression (estimated over the past 20 quarters), deflated by the price at the beginning of the quarter. Disp_q is forecast dispersion and is defined as the standard deviation of analysts' forecasts for the current quarter prior to earnings announcements, deflated by the price at the beginning of the quarter. Disp_q ϩ 1 is one-quarter-ahead forecast dispersion and is defined as the standard deviation of analysts' one-quarter-ahead forecasts prior to earnings announcements, deflated by the price at the beginning of the quarter. BKLS_q ϩ 1 is the aggregated uncertainty for individual analysts' forecasts and is defined as the square root of the sum of the squares of individual analysts' one-quarter-ahead forecast errors, deflated by the price at the beginning of the quarter. BKLS_ann is the aggregated uncertainty for individual analysts' forecasts and is defined as the square root of the sum of the squares of individual analysts' annual forecast errors, deflated by the price at the beginning of the quarter. AR1 is earnings persistence and is defined as the first-order auto-regressive (AR(1)) coefficient in Foster's 1977 time-series seasonally differenced earnings regression (estimated over the past 20 quarters). Beta is the estimated slope coefficient for monthly CRSP equally weighted market returns in a market model, estimated using data for the 24 months prior to the quarter's end. LnMV is the natural logarithm of market value at the end of the quarter. BM is the book-to-market ratio measured at the end of the quarter. Eload is the estimated slope coefficient for AQ factor (Ecker et al. 2006, equation (2)), estimated using 250 daily returns prior to the quarter's end. R_mpeg is the modified PEG ratio (Easton 2004, equation (11) Table 2 shows that earnings uncertainty variables are associated in predictable ways with factors that capture the cost of capital (Beta, LnMV, BM, and Eload). For example, earnings volatility (Std[]) is positively correlated with market risk (i.e., Beta, Spearman correlation ϭ 0.103), negatively correlated with firm size (i.e., LnMV, Spearman correlation ϭ Ϫ0.155), positively correlated with distress risk (i.e., BM, Spearman correlation ϭ 0.395), and positively correlated with information risk (i.e., Eload, Spearman correlation ϭ 0.080).
In addition, Table 2 shows that earnings uncertainty variables are positively associated with the estimated cost of capital (R_mpeg). For example, the Spearman correlations between R_mpeg and Std[], Disp_q, Disp_q ϩ 1, BKLS_q ϩ 1, and BKLS_ann are 0.340, 0.383, 0.376, 0.361, and 0.362, respectively. This evidence confirms that the correlation between cost of capital and earnings uncertainty is a plausible explanation for the negative associations between price reactions per unit of earnings surprise and earnings uncertainty. Table 3 presents the results of testing the hypothesis that earnings uncertainty is positively associated with analysts' forecast revisions per unit of earnings surprise. Panel A of Table 3 presents results from a univariate analysis -that is, the estimated forecast revisions per unit of earnings surprise by earnings uncertainty quintiles. Specifically, I form equal-sized quintiles of firms based on the ranks of earnings uncertainty measures and regress analysts' forecast revisions (Revision) against earnings surprises (Surprise) within each quintile to obtain forecast revisions per unit of earnings surprise for each quintile.
Results
Earnings uncertainty and analysts' forecast revisions per unit of earnings surprise
Results in panel A indicate that forecast revisions per unit of earnings surprise are greater in portfolios with greater earnings uncertainty. For example, estimated revisions per unit of earnings surprise for BKLS_q ϩ 1 quintile 1 is 0.078, and monotonically increases to 0.330 in the BKLS_q ϩ 1 quintile 5. For quintiles formed based on the dispersion among analysts' one-quarter-ahead forecasts (Disp_q ϩ 1), estimated revisions per unit of earnings surprise increase from 0.205 in quintile 1 to 0.308 in quintile 5. An increasing trend also appears in the quintiles formed based on (Std[]). However, the evidence is weaker in quintiles formed based on Disp_q. One possible explanation is that forecast dispersion for the current quarter is more likely to capture noise in current-quarter earnings. Table 3 presents the results of fitting (3). 13 Results from the baseline regression indicate that the average forecast revision per unit of earnings surprise is 0.315 for the entire sample. The results from multivariate regressions indicate positive coefficients for the interaction between Surprise and earnings uncertainty measures, after controlling for the effects of estimated earnings persistence (AR1) and the noise in reported earnings (i.e., Neg and ͉Surprise͉). Specifically, the estimated coefficient for Surprise ϫ BKLS_q ϩ 1 is 0.068 (t ϭ 11.90), for Surprise ϫ Disp_q ϩ 1 is 0.029 (t ϭ 5.86), for Surprise ϫ Std[] is 0.015 (t ϭ 2.45), and for Surprise ϫ Disp_q is 0.013 (t ϭ 2.13).
Consistent with the patterns observed in panel A, results in panel B indicate that the largest (smallest) estimated coefficient for the interactions between Surprise and earnings uncertainty is for Surprise ϫ BKLS_q ϩ 1 (Surprise ϫ Disp_q). These two estimated coefficients are significantly different (p Ͻ 0.01). 14 Results regarding control variables indicate that estimated earnings persistence (AR1) is positively associated with forecast revisions per unit of earnings surprise, and the absolute value of earnings surprises (͉Surprise͉) is negatively associated with forecast revisions per unit of earnings surprise. Finally, the estimated coefficients for Surprise ϫ Neg are insignificant.
Overall, evidence in Table 3 indicates that analysts' forecast revisions per unit of earnings surprise are positively associated with various earnings uncertainty measures. In addition, evidence is consistent with the BKLS uncertainty measure being a better measure of ex ante uncertainty and the dispersion among analysts' earnings forecasts for the current quarter being more susceptible to noise in currentquarter earnings. Panel B of this table presents the results of testing the hypothesis that analysts' forecast revisions per unit of earnings surprise are positively associated with earnings uncertainty. To control for cross-sectional correlation in the estimated standard errors, the cross-sectional regressions are fitted each month and the time-series averages of the monthly regression coefficients are reported (Fama and MacBeth 1973) . The associated FamaMacBeth t-statistics are adjusted for time-series dependence at appropriate lags (Newey and West 1987) .
Other variables are as defined in Table 1 . 
Earnings uncertainty and price reactions per unit of earnings surprise
Panel A of Table 4 presents results that replicate prior findings that earnings uncertainty is negatively associated with price reactions per unit of earnings surprise. I form equal-sized quintiles of firms based on the ranks of earnings uncertainty measures and regress price reactions (Ret) against earnings surprises (Surprise) within each quintile to obtain price reactions per unit of earnings surprise for each quintile. Consistent with prior research, results in panel A of Table 4 indicate that price reactions per unit of earnings surprise are smaller in portfolios with greater earnings uncertainty. For example, the estimated price reaction per unit of earnings surprise for BKLS_ann quintile 1 is 7.193, and the magnitudes of these estimates monotonically decrease to 1.760 in BKLS_ann quintile 5. Similarly, the estimated price reaction per unit of earnings surprise for the lowest Std[] quintile is 4.713, and the magnitudes of these estimates monotonically decrease to 2.111 in the highest Std[] quintile.
Panel B of Table 4 presents the results of multivariate regressions. 15 Results from the baseline regression indicate that the average price reaction per unit of earnings surprise is 3.992 for the entire sample. The results from multivariate regressions indicate that the coefficients for the interactions between Surprise and the earnings certainty measures are significantly negative, after controlling for the effects of estimated earnings persistence (AR1) and measures for noise in reported earnings (Neg, ͉Surprise͉). Specifically, the estimated coefficient for Surprise ϫ BKLS_ann is Ϫ0.509 (t ϭ Ϫ4.60) and for Surprise ϫ Std[] is Ϫ0.354 (t ϭ Ϫ3.54). Results for control variables indicate that the absolute value of earnings surprises (͉Surprise͉) is negatively associated with price reactions per unit of earnings surprise.
Although the evidence in Table 4 confirms the results of prior research, that earnings uncertainty is negatively associated with price reactions per unit of earnings surprise, evidence in Table 3 indicates that these observed negative associations are unlikely to be explained by the possibility that earnings uncertainty measures capture the noise in reported earnings as a signal of next-period earnings. First, evidence in Table 3 indicates that earnings expectation revisions per unit of earnings surprise are positively associated with the same uncertainty measures. Second, the noise in reported earnings is explicitly controlled for in the regression analysis. 16 On the other hand, results in Table 4 are consistent with earnings uncertainty measures that primarily capture the noise in reported earnings as a signal of all future cash flows.
The effects of discount rate as a possible explanation
If earnings uncertainty measures do not proxy for the noise in reported earnings (after controlling for AR1, Neg, and ͉Surprise͉), the negative associations between price reactions per unit of earnings surprise and earnings uncertainty measures may be attributable to the cross-sectional differences in the cost of equity capital (i.e., the denominator effect). (4), which associates earnings uncertainty measures with the factors that capture the cost of capital (Beta, LnMV, BM, and Eload) and a direct estimate of cost of capital (R_mpeg). Results indicate that BKLS_ann is positively associated with market risk (Beta), distress risk (BM), and accounting information quality risk (Eload), and negatively associated with firm size (LnMV). Results regarding Std[] are similar, except that the estimated coefficient for LnMV is statistically insignificant.
I use the estimated residuals of (4) (i.e., ) as a proxy for earnings uncertainty orthogonal to cost of capital. Untabulated results indicate that earnings uncertainty measures and are significantly correlated. For example, the Spearman correlation between BKLS_ann and respective is 0.541 (two-tailed p-value Ͻ 0.01), and the Spearman correlation between Std[] and respective is 0.582 (two-tailed p-value Ͻ 0.01). In addition, these correlations are significantly less than one, indicating that the ranking of earnings uncertainty orthogonal to cost of capital significantly differs from the ranking of original earnings uncertainty measures.
I use to test whether price reactions per unit of earnings surprise are associated with the uncertainty measures that are orthogonal to the effects of cost of capital. If the denominator effect explains the negative associations between price reactions per unit of earnings surprise and earnings uncertainty measures, the negative associations should disappear after I control for the effect of cost of capital on earnings uncertainty measures.
I also estimate the effects of on analysts' expectation revisions to assess the power of . To the extent that the proxies for cost of capital (e.g., firm size) are linearly correlated with earnings uncertainty as well as discount rate, the power of as a proxy for earnings uncertainty is degraded because orthogonalization eliminates the portion of earnings uncertainty linearly correlated with these proxies. On the other hand, if remains a powerful proxy in testing expectation revision under uncertainty, the effect of on analysts' forecast revisions per unit of earnings surprise should be significantly positive. Panel B of this table presents the regression results for testing the hypothesis that price reactions per unit of earnings surprise are positively associated with earnings uncertainty. To control for cross-sectional correlation in the estimated standard errors, the cross-sectional regressions are fitted each month and the time-series averages of the monthly regression coefficients are reported (Fama and MacBeth 1973) . The associated Fama-MacBeth t-statistics are adjusted for time-series dependence at appropriate lags (Newey and West 1987) .
Neg is 1 if the reported earnings are negative, and 0 otherwise. ͉Surprise͉ is the absolute value of Surprise. Other variables are as defined in Table 1 . Table 6 presents the results of estimating the effects of on expectation revisions. Because the sample in this analysis differs from the main sample, I also present the results when the original earnings uncertainty measures are used. Consistent with the denominator effect as an explanation for the negative associations between price reactions per unit of earnings surprise and earnings uncertainty measures, the estimated coefficient for Surprise ϫ in price reaction regressions are insignificant for both BKLS_ann and Std[]. In particular, the estimated coefficient for Surprise ϫ is Ϫ0.042 (t ϭ Ϫ0.27) in the BKLS_ann regression and 0.076 (t ϭ 0.37) in the Std[] regression. In contrast, the estimated coefficient for Surprise ϫ BKLS_ann is Ϫ0.857 (t ϭ Ϫ3.64) and for Surprise ϫ Std[] is Ϫ0.528 (t ϭ Ϫ2.15), and both are significantly more negative than the estimated coefficients for Surprise ϫ (p-values Ͻ 0.01). t-statistics are adjusted to control for both time-series and cross-sectional dependences among firms in the estimated standard errors (Rogers 1993; Petersen 2009 ).
Variables are as defined in In analysts' revision regressions, the estimated coefficients for Surprise ϫ remain significant. Specifically, the estimated coefficient for Surprise ϫ is 0.052 (t ϭ 8.08) in the BKLS_q ϩ 1 regression and 0.015 (t ϭ 1.96) in the Std[] regression, which is consistent with the fact that analysts place greater weight on earnings surprises when earnings uncertainty is greater. In the Std[] regressions, the estimated coefficient for Surprise ϫ Uncertainty is insignificantly different from the estimated coefficient for Surprise ϫ (p-value ϭ 0.27). On the other hand, in the BKLS_q ϩ 1 regressions, the estimated coefficient for Surprise ϫ Uncertainty is significantly greater than the estimated coefficient for Surprise ϫ (p-value Ͻ 0.01). Therefore, while the evidence in analysts' revision regressions suggests that captures earnings uncertainty, it also indicates that the orthogonalization procedure reduces the power of as a measure of earnings uncertainty in some contexts.
Overall, the evidence in Table 6 suggests that the relation between earnings uncertainty measures and cost of capital is likely to be a factor contributing to the observed negative associations between price reactions per unit of earnings surprise and earnings uncertainty measures. In addition, the evidence in Table 6 indicates that earnings uncertainty measures orthogonal to cost of capital are not positively associated with the price reactions per unit of earnings surprise. There are several explanations. First, the empirical measures of cost of capital are noisy measures of the underlying discount rate and, hence, the power of the tests may be low. For example, Botosan and Plumlee (2005) and Easton and Monahan (2005) find low correlations between various cost of capital estimates and realized stock returns. Second, the orthogonalization procedure may weaken the power of as a measure of earnings uncertainty. Third, as stated earlier, the earnings uncertainty measures employed in price reaction tests (such as BKLS uncertainty for current-period (Fama and MacBeth 1973) . The associated Fama-MacBeth t-statistics are adjusted for time-series dependences at appropriate lags (Newey and West 1987) .
Variables are as defined in Tables 1 and 3 . annual earnings) may not adequately capture earnings uncertainty for all future periods. Fourth, even if these earnings uncertainty measures powerfully capture earnings uncertainty for all periods, it is possible that they are noisy measures of uncertainty in firm value. In sum, considerable measurement errors in the proxies for uncertainty reduce the power of the tests in the price settings.
Conclusions
A primary role of reported earnings is to provide information about future earnings, and the ability of reported earnings to influence expectations of future earnings should depend on uncertainty in the reporting environment. This study provides evidence supporting this proposition by documenting that analysts' forecast revisions per unit of earnings surprise are positively associated with various measures of uncertainty in future earnings. These findings contribute to the literature on how analysts use public information released during earnings announcements (e.g., Stickel 1989; Morse et al. 1991; Barron et al. 2002; Barron et al. 2005; Zhang 2006 ). Prior studies find that analysts' reliance on reported earnings is associated with the attributes of the reported earnings, such as the magnitude of earnings surprises (Barron et al. 2005) . This study provides evidence that analysts' reliance on reported earnings is influenced by ex ante uncertainty in earnings. This study also complements prior studies that examine price reactions to earnings surprises. Prior studies find negative associations between (signed) price reactions per unit of earnings surprise and measures of uncertainty in earnings. Evidence in this study suggests that uncertainty measures and discount rates are correlated and cross-sectional differences in the discount rate confound the interpretation of price reactions as evidence of expectation revisions under uncertainty. In addition, evidence suggests that measures of earnings uncertainty in price setting do not appear to capture the noise in current earnings as a signal of next-period earnings. However, it is plausible that these measures capture the noise in current earnings as a signal for firm value (i.e., all future cash flows) and, hence, the results in price reaction regressions are consistent with investors placing less weight on noisier signals of firm value. Overall, this study sheds additional light on the complex relationships among earnings uncertainty measures, price reactions to earnings surprises, and cost of capital.
The results of this study also have implications for future research. Researchers often rely on analysts' forecast revisions per unit of earnings surprise to gauge the attributes of period t reported earnings. Evidence in this study suggests that analysts' reliance on reported earnings also depends on ex ante uncertainty in period t ϩ 1 earnings. Therefore, to the extent that researchers attempt to draw conclusions about the attributes of the earnings signals based on revisions per unit of earnings surprise, they should consider controlling for the uncertainty in period t ϩ 1 earnings, which becomes particularly important if the attributes of current earnings signals are correlated with, or determined by, the uncertainty in future earnings. No. 1 (1978) indicates that "[f]inancial reporting should provide information that is useful to present and potential investors … in making rational investment, credit, and similar decisions" (para. 34). One example of those decisions is that investors "may use earnings information to help them … predict future earnings" (para. 47). "Although investment decisions reflect investors' expectations about future enterprise performance, those expectations are commonly based at least partly on evaluations of past enterprise performance" (para. 42). 2. Lang (1991) hypothesizes that younger firms have greater earnings unpredictability and price reactions per unit of earnings surprise should be greater for younger firms. Although he finds that price reactions per unit of earnings surprise are greater for younger firms, he does not measure uncertainty in earnings. He also does not provide empirical evidence on the relation between firm age and uncertainty in earnings. 3. One example of noise in earnings is the reported amount of foreign translation gains or losses. Collins and Salatka (1993) find that price reactions per unit of earnings surprise are affected by the amount of foreign translation gains or losses under Statement of Financial Accounting Standards No. 52 (FASB 1981) . 4. Taking the square root makes this measure comparable with other uncertainty measures, as well as the deflator (i.e., stock price at the beginning of the quarter). 5. One-quarter-ahead consensus forecast revisions have generally been used in prior studies as analysts' reactions to corporate disclosures (e.g., Collins and DeAngelo 1990; Chaney, Hogan, and Jeter 1999; Defond and Park 2001; Bhattacharya et al. 2003 ). 6. To be comparable with prior price reaction studies, Surprise is deflated by price per share. Inferences are similar when Surprise and uncertainty measures are deflated by assets per share, measured at the beginning of the quarter. 7. Because the residuals are serially correlated, time-series regressions are estimated using the maximum likelihood method.
8. In theory, BKLS_ann does not capture ex ante uncertainty for earnings beyond the current fiscal year, which introduces noise in analyzing investors' expectation revisions. Empirically, however, earnings uncertainty for the current year is likely to be associated with uncertainty beyond the current year. In addition, the decile rank of BKLS_ann is likely to be closely associated with the rank of underlying uncertainty for all future periods. 9. I thank Per Olsson for providing AQfactor data. 10. Results are similar when the PEG ratio approach is used (Easton 2004, equation (12) Second, direct control for the effects of cost of capital on price reactions per unit of earnings surprise in (5) may be undesirable because earnings surprises are deflated by prices. Third, the cost of capital measures identified in (4) may be correlated with noise in reported earnings. 13. To control for cross-sectional dependence in the estimated standard errors, I fit the cross-sectional regressions for each month and report the time-series averages of the quarterly regression coefficients (Fama and MacBeth 1973) . Due to the potential lack of independence among Fama-MacBeth coefficients in the analyst context (Brav, Lehavy, and Michaely 2005) , the associated Fama-MacBeth t-statistics are adjusted for time-series dependence at appropriate lags (Newey and West 1987) . 14. Estimated coefficients are comparable because earnings uncertainty measures are converted to decile ranks. The chi-square statistics comparing estimated coefficients across regressions are derived using a seemingly unrelated regression equation approach (i.e., it combines the estimated parameters and associated covariance matrices from the two underlying regressions). 15. To control for cross-sectional correlation in the estimated standard errors, the crosssectional regressions are fitted each month and the time-series averages of the monthly regression coefficients are reported (Fama and MacBeth 1973) . The associated FamaMacBeth t-statistics are adjusted for time-series dependence at appropriate lags (Newey and West 1987) . 16. The results also suggest that the measurement error in earnings surprises as a proxy for market participants' earnings expectations is not likely the primary explanation for the negative association between price reactions per unit of earnings surprise and uncertainty measures (e.g., Abarbanell, Lanen, and Verrecchia 1995; Barron and Stuerke 1998) . If the earnings surprises derived from averaging individual analysts' forecasts are less representative for investors' and analysts' earnings expectations when the earnings uncertainty is high, the measurement error should affect the results in both Tables 3 and 4 . The observed positive associations in Table 3 indicate that the empirical results in Table 4 are less likely to be explained by the measurement error in earnings surprises.
